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ONE hundred and three years ago Thomas Addison (Addison, 1855) described the
disease which now bears his name. Since his classical description, knowledge of
adrenal disorders has widened and increased until it has developed into one of the
most exciting and fruitful fields of clinical and biochemical research in the history
of medicine. After Addison, many years had to pass before new chemical techniques
were available to unravel the complexities of adrenocortical chemistry, but once
research workers had mastered these methods, rapid and striking progress was
made. In 1927, adrenal cortical extracts were prepared (Hartman, et. al., 1927;
Rogoff and Stewart, 1927), which were capable of prolonging the survivMl time of
the adrenalectomised animal. In 1930 the close connection between the pituitary
gland and the adrenal cortex was demonstrated (Smith, 1930), when it was shown
that hypophysectomised rats developed rapid atrophy of the adrenal cortex which
could be avoided by transplants of anterior pituitary tissue, the active principle of
which was later named adrenocorticotrophin or A.C.T.H.
In 1936, Kendall discovered Compound E or 11 - dehydro - 17 hydroxy -
corticosterone (Mason, Myers and Kendall, 1936) which is now known as cortisone,
and shortly afterwards, 17 hydroxycorticosterone called Compound F bv Kendall,
and now known as hydrocortisone, was isolated. Finally, in 1953, aldiosterone, a
potent salt-retaining substance, was crystallised by Simpson and Tait in England,
and by Reichstein and Wettstein in Switzerland (Simpson, Tait, Wettstein, Neher,
v Euw, and Reichstein, 1953).
HORMONES OF THE ADRENAL CORTEX.
The adrenal cortex is essential for life, and three distinct types of steroids are
secreted.
1. The glucocorticoids. These steroids, of which hydrocortisone is the most
important, raise the blood sugar, promote the storage of carbohydrate and fat,
induce protein breakdown and inhibit inflammatory and allergic reactions. They
have a weak salt-retaining effect. Cortisone, and the new synthetic analogues,
prednisone and prednisolone have similar actions, although the salt-retaining
property of the synthetic compounds is weaker. The secretion of hydrocortisone is
dependant on the action of corticotrophin but there is a delicate interaction between
the pituitary and adrenal glands so that the output of corticotrophin is regulated by
the level of hydrocortisone in the body. In addition there is a diurnal variation in
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and at its lowest level between 10.0 p.m. and midnight. The cause of this variation
is unknown and is uninfluenced by light, food, sleep or activity.
The administration of corticotrophin or cortisone for therapeutic purposes has a
profound effect on the pituitary adrenal axis. Cortisone inhibits the pituitary gland
directly and causes a secondary atrophy of the adrenal cortex. The effect of
corticotrophin is similar although it acts in a different way. When it is injected
the adrenal cortex is stimulated to secrete more hydrocortisone which in turn inhibits
the pituitary gland. When these substances are withdrawn it may take some months
for the pituitary-adrenal function to recover fully.
2. The salt-retaining hormones or electrocorticoids. Aldosterone is the most
active hormone in this group, and is probably the actual hormone formed in the
adrenal cortex. It has a profound effect on body chemistry promoting the retention
of salt, chloride, and water, and excretion of potassium. Its secretion is regulated
mainly by the electrolyte and body water content through mechanisms not yet
understood, but it may be partially under corticotrophin control. Deoxycortone
acetate (DCA) is a synthetic steroid which has a similar though much weaker
action. Recently 9-xt-fluoro-hydrocortisone, a synthetic analogue of hydrocortisone,
has been introduced (Fried and Sabo, 1954). It is a potent substance, and approxi-
mately fifty times more active than hydrocortisone in its electrolyte regulating
properties (Thorn et al., 1955).
3. Sex hormiones. TIhese are of three types; androgens, cestrogens and
progesterone. Their effects are uncertain but they probably assist or potentiate the
action of the hormones secreted by the gonads. Their secretion is partly under the
control of the pituitary but other factors may be involved.
All the adrenal steroids are metabolised to a large extent in the tissues and are
then excreted in the urine in conjugated form. The measurement of these substances
provides, therefore, an indication of adrenocortical activity, and the methods
employed in the clinical assessment of adrenocortical disorders will be described
later.
Since the introduction of cortisone (Hench et al., 1949) the diagnosis and
treatment of adrenocortical deficiency states has become an important branch of
medicine. Now that adrenal substitution therapy is a practical measure, adrenal-
ectomy is becoming increasingly popular for a number of disorders. Total or
sub - total adrenalectomy is a standard procedure for Cushing's syndrome
(Montgomerv and Welbourn, 1957) and total adrenalectomy is being used in tlh6
treatment of certain forms of metastatic malignant disease (Cade, 1954) and for
malignant hypertension (Van T'Hoff, 1956). Replacement therapy is thus a practical
day to day problem for many patients. The use of adrenocortical steroids for the
treatment of a number of disorders such as rheumatoid arthritis, ulcerative colitis,
asthma and the collagen diseases, increases the liability of an adrenal crisis in the
event of severe stress or abrupt termination of treatment and makes the under-
standing and study of adrenal insufficiency a matter of considerable importance.
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Where insufficient amounts of hydrocortisone and aldosterone are produced to
meet the body's requirements the syndrome of adrenal failure develops. This may
be acute if the output of adrenocortical hormones falls abruptly, either as the result
of surgical removal or acute destruction of the glands, or when adrenocortical
reserve is impaired by reason of damage, exhaustion, or therapeutic inhibition by
cortisone, and unable to respond to the needs of acute stress. Subacute or chronic
adrenocortical insufficiency is more commonly seen and implies a more even balance
between the hormonal requirements of the body and the adrenal reserve, but the
imposition of any stress in these cases, is, of course, liable to result in acute crisis.
The aetiological classification of acute adrenal failure may be described as
follows:-
ACUTE ADRENOCORTICAL INSUFFICIENCY.
(a) Surgical removal of the adrenal glands for
i. Cushing's syndrome.
ii. Metastatic cancer of breast and prostate.
iii. Malignant hypertension.
(b) Acute adrenal destruction
i. Infective adrenal apoplexy.
(Waterhouse-Friderichsen's syndrome).
ii. Adrenal infarction.
iii. Traumatic apoplexy.
(c) Effects of acute stress in cases with dintinished
adrenal reserve resulting from
i. Disease of the adrenal glands.
ii. Subtotal surgical removal of the adrenal glands.
iii. Pituitary inhibition by cortisone or corticotrophin.
The symptoms of acute adrenal insufficiency are the result of absolute or relative
lack of adrenocortical hormones and are characterised by weakness, nausea,
vomiting, apathy, confusion and signs of circulatory collapse with hypotension and
tachycardia. If untreated, coma and death may follow swiftly. Symptoms may
develop with alarming suddenness after adrenalectomy for Cushing's syndrome or
after surgical operations or accidents in patients with latent and unrecognised
adrenal insufficiency and are indistinguishable from oligaemic shock. In all varieties
of acute adrenal crisis, effective treatment must be promptly administered if lives
are to be saved; methods and details are described later.
Surgical operations on the adrenal glands.
It has been known for a long time that symptoms of acute adrenal insufficiency
appeared within twenty-four hours after adrenalectomy. This made surgical
correction of adrenocortical disorders extremely hazardous, and removal of adrenal
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relatively safe. At present, patients are prepared for adrenal surgery by both pre-
and post-operative hormone replacement, but even with this precaution acute crises
still occur. These are commoner following adrenalectomy for Cushing's syndrome,
than in patients whose adrenal function was previously normal. Presumably in
Cushing's syndrome the patient has become habituated to a high level of circulating
hydrocortisone so that operation, even in the presence of cortisone replacement,
leads more easily to relative adrenocortical insufficiency.
Acute adrenocortical destruction.
Acute adrenal destruction is a rare condition. It occurs as the result of trauma,
fulminating infections often but not exclusively due to meningococcal septicoemia,
infarction of the glands of varying oetiology, or as a rare complication of pregnancy
and the puerperium. The condition usually occurs in definite age groups.
Acute collapse associated with bilateral adrenal haemorrhage may be found in
the newborn and an incidence as high as one per cent. has been reported in babies
dying at or shortly after birth (Forsham and Thorn, 1955). It most frequently
follows prolonged and difficult labour. Adrenal apoplexy in the newborn is
characterised by hyperpyrexia, tachypnoea, cyanosis and convulsions, but
bacteriological and clinical evidence of infection and the purpura and haemorrhagic
manifestations of the Waterhouse-Friderichsen syndrome are absent.
Among children and young adults hawmorrhagic destruction of the adrenal glands
occurs most commonly as the result of septacaemic infection. This results in the
characteristic Waterhouse.Friderichsen syndrome with hyperpyrexia, cyanosis
and diffuse petechial rash. Terminally, signs of circulatory collapse occur and coma
and death may follow in a few hours. Occasionally haemorrhagic destruction of the
adrenal glands is caused by severe thoracic or abdominal injury.
Adrenal vein thrombosis with infarction may be a rare cause of adrenocortical
destruction, but not a great deal is known about this condition. In some cases it
may be a secondary feature of extensive hawmorrhagic destruction and not an
initiating process. However, unilateral thrombosis can probably occur, without
producing symptoms. This was a finding in one case of Cushing's syndrome,
where the right adrenal gland was atrophic and weighed only 2.6 grams.
Histological examination suggested that this had been the result of previous
infarction.
Latent or unsuspected adrenal insutfficiency.
Acute crises occurring in patients with diminished adrenocortical reserve who are
subjected to stress are becoming more common (Allanby, 1957; Slaney and Brooke,
1957). Normally stress is met by increased secretion of corticotrophin, and this in
turn leads to an additional output of adrenocortical hormone, which is sufficient to
meet the body's needs. But his mechanism may break down if the pituitary gland
is inhibited by the therapeutic administration of cortisone or corticotrophin, or if
the adrenal cortex is damaged and unable to respond effectively to its physiological
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Fstimulus. In such circumstances the response to stress is subnormal and an acute
crisis may be precipitated. Emphasis must here be placed on the impairment of
pituitary - adrenal function which invariably follows the long - term therapeutic
administration of cortisone and corticotrophin. These patients are unable to
withstand stress unless additional amounts of hormone are supplied to meet the
need.
There are patients who appear perfectly healthy and yet possess only a limited
adrenal reserve which may be overwhelmed by surgical operations, accidents or
infections. In some, the development of circulatory collapse following an operation,
may be the first manifestation of adrenal insufficiency (Welbourn, 1957).
The condition is commonly met with in one of two ways. Firstly, an apparently
healthy patient without signs of obvious disease may be suffering from incomplete
or suspected adrenocortical insufficiency.
"A woman, aged 50, had a right hemicolectomy performed for carcinoma of the
caecum. After operation her blood pressure remained low and could be maintained
only with noradrenaline. After five days, when no other cause for the hypotension
could be found, hydrocortisone was given intravenously. Within twenty-four hours
the blood pressure remained normal without noradrenaline. Subsequent investiga-
tion showed that the patient was probably suffering from mild Addison's disease."
Secondly, it arises in patients who have known Addison's disease or
adrenocortical impairment as the result of steroid therapy, who have an acute
illness, accident, or who are inadequately prepared for surgery. An example of this
was the case of a man aged 40 with Addison's disease, who was undergoing
investigation before treatment started. Following gastroscopy under a general
anawsthetic he developed acute peripheral circulatory failure and was saved only
by immediate treatment with noradrenaline and cortisone.
DIAGNOSIS OF ACUTE ADRENAL INSUFFICIENCY.
The diagnosis of acute adrenal destruction is rarely made in life, but in children
and young adults the condition must be considered in cases of fulminating infection
with hyperpyrexia, especially if meningococci are isolated. The presence of an
extensive haemorrhagic rash should suggest the possibillty of complicating adrenal
haemorrhage. Biochemical confirmation of the diagnosis cannot as yet be obtained,
since chemical methods to detect the level of circulating 17-hydroxycorticoids are
too lengthy to be of practical use, but a raised eosinophil count with more than
50 per cu.mm. is very suggestive of adrenocortical insufficiency. In every case
where the condition is suspected on clinical grounds, treatment for acute adrenal
insufficiency should be started immediately if irreversible shock is to be prevented
and lives saved.
Acute adrenal insufficiency following operation on the adrenal glands themselves
is easily recognised, but the rapidity with which a crisis may develop requires the
most meticulous post-operative management. Two precautions which are of value
are first, the insertion of a polythene catheter into the saphenous vein before the
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noradrenaline if required, and secondly, the frequent measurement of the pulse and
blood pressure until they have stabilised without specific intravenous therapy.
The diagnosis of adrenal crises in patients with unrecognised adrenocortical
insufficiency who are subjected to operation or other forms of stress is often
difficult. The possibility of adrenal dysfunction should be considered in all cases
where the degree of shock is out of proportion to the stress, and particularly in
patients undergoing surgery for tuberculous conditions and if there is, in addition,
a previous history of vague ill-health, or indefinite gastrointestinal disturbances.
A low pre-operative blood pressure, slight patches of pigmentation, and absence
or thinning of axillary and pubic hair may point to the presence of adrenal
insufficiency and should suggest the diagnosis. In all cases recognition and efficient
treatment depends mainly on clinical awareness of the conditions predisposing to
adrenocortical failure and the willingness of the surgeon to treat urgently suspected
cases without waiting for confirmation of the diagnosis.
THE TREATMENT OF ACUTE ADRENOCORTICAI, INSUFFICIENCY.
This divides itself into two parts. First, the treatment of the established
condition, and secondly, the avoidance of acute adrenal insufficiency in those
patients with impaired adrenal reserve.
The treatment of acute adrenal crisis.
The patient suffering from acute adrenal insufficiency is in a state of shock and
often in a critical condition, so that prompt treatment and careful handling are
essential. Principles of treatment consist in the correction of fluid and electrolyte
imbalance, provision of adrenocortical hormone, prevention of hypoglycaemia, and
the treatment of infection.
Blood is taken immediately for estimation of the serum electrolytes, blood sugar,
and blood group, and a "two-way" drip set placed in position, while arrangements
are made to record the pulse and blood pressure every fifteen minutes. An infusion
of 500 ml. of 5 per cent. dextrose containing 100 mg. of hydrocortisone-free alcohol
or 100 mg. of hydrocortisone hemisuccinate is started and run in during the first
two to four hours. This may be repeated if there is no response, or continued more
slowly if the patient's condition improves. If the fall in blood pressure is profound,
or if it fails to rise after starting hydrocortisone, noradrenaline may be given as
well. A solution of 4 mg. of noradrenaline in 500 ml. of normal saline is given as
fast as necessary to restore the blood pressure. The rate of infusion, which
requires careful adjustment every few minutes, is reduced slowly until the blood
pressure remains stable without it. Cortisone acetate is commenced as soon as the
drip is in place and continued at the rate of 25 mg. intramuscularly everv six
hours until the patient is able to swallow, when it is administered by mouth. The
amount is then gradually reduced until the patient is receiving a maintenance dose
of 37.5 or 25 mg. daily. Deoxycortone acetate (DCA) 5 ml. intramuscularly is
given at the start of treatment and thereafter daily- for the first two or three days,
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cortisone is sufficient to maintain a satisfactory sodium level, but occasionally salt
depletion occurs, so that the use of a potent salt-retaining hormone such as DCA or
9-x-fluoro-hydrocortisone is required. The use of these steroids, must, however, be
carefully controlled, as their injudicious administration may result in hypertension,
cedema and even heart failure.
During the first twenty-four hours between two and three litres of intravenous
fluid will be required, but the exact volume and composition of the infusion will
depend on the electrolyte levels and plasma specific gravity. Additional amounts of
glucose may be required in patients with severe hypoglycamia, but glucose is also
necessary to meet calorie requirements until the patient is able to take nourishment
by mouth.
When patients are seen in extremis, immediate emergency treatment with
concentrated glucose solution intravenously should be given before any other specific
therapy is attempted. The early correction of hypoglycawmia may prolong survival
long enough to allow time for other therapeutic measures to be employed
successfully.
Patients in acute adrenal failure are particularly susceptible to morphia and
barbiturates and these drugs should not be administered before treatment with
cortisone is started. As a prophylactic measure penicillin is given twice daily, but
for specific infections complicating or causing the illness, the appropriate antibiotic
is required.
When the patient is receiving a normal diet and hormone replacement has been
reduced to a maintenance level, further management is continued on the lines
required for chronic adrenal insufficiency.
Early recognition of the condition, coupled with prompt and effective treatment
and the use of suitable antibiotics will save the majority of patients with acute
adrenal failure. The use of hydrocortisone intravenously in doubtful cases is always
justifiable, since its rapid elimination from the body reduces the possibility of
untoward effects, when it is used mistakenly in conditions stimulating acute adrenal
failure.
Avoidance of acute adrenal crisis.
Careful attention to the routine management of patients with adrenal insufficiency,
and the application of knowledge that stress of any kind will require additional
amounts of hormone, will do much to reduce the incidence of acute crisis. It is a
wise precaution to warn all patients with impaired adrenal function of the early
symptons of adrenal failure and to impress on them the importance of taking more
cortisone if they fall ill or require an operation. All patients on continuous cortisone
treatment, whether for therapeutic purposes or as replacement therapy in Addison's
disease, must realise the danger of abrupt termination of treatment, and understand
that in the former the drug should only be stopped slowly and under medical
supervision. The printed card (figure 1) which is given to these patients embodies
this information, and they are urged to carry it with them.
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IMPORTANT
MEDICAL CARD FOR PATIENTS WITH IMPAIRED ADRENAL FUNCTION
NAME........................................................................................................................................
Medical Condition: 1. Addison's Disease.
2. Hypopituitarism.
3. Total or sub-total Adrenalectomy.
4. Adrenal suppression following prolonged cortisone
therapy.
1. You are suffering from the condition described above. You will remain in
good health provided you take Cortisone tablets every day and such
additional teatment as may be prescribed. You will get your prescription
for the tablets from your family doctor. Your dose is ....................tablets
(. mg.) of.......,,,,.,,,. daily.
2. It is essential for you to take the treatment regularly. Make sure you
have an adequate supply if you go away from home.
3. T'he dose may have to be increased temporarily if you develop an illness
(e.g. a bad cold or bronchitis), have an accident or have to undergo an
operation (e.g. for appendicitis). Show this card to your doctor or to
the doctor in hospital at the time.
4. If you feel weak or lose your appetite it may mean that you are not
taking enough Cortisone. Try taking an extra half tablet twice a day and
see if you feel better. If you don't, contact your family doctor at once
or get in touch with .............................................................................................................................
at .Telephone No.
5. You will be given two of these cards. Carry one with you always and keep
the other at home.
It should be remembered too that endogenous adrenal function often recovers
very slowly after prolonged suppression by therapeutically administered cortisone
or corticotrophin, and that the response to stress may be subnormal for several
weeks or even months after treatment has ceased. In such cases it is probably
unwise to operate without suitable hormone cover until at least three months have
elapsed.
When operations are necessary for patients with impaired adrenocortical function
they should be properly prepared for surgery and receive post-operative hormone
replacement in the same manner as a patient undergoing adrenalectomy. The
following scheme of treatment has been found satisfactory for total or subtotal
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Gadrenalectomy, but various modifications may be required to meet the needs of
individual patients (table 1).
Finally, the care of patients with- impaired adrenal function imposes a duty on
the doctor of explaining to them the nature of their disability and the steps
necessary to avoid dangerous complications. In few conditions is the patient's
knowledge and co-operation more important; ignorance can be fatal.
TABLE I.
DOSAGE OF CORTISONE AND DEOXYCORTONE ACETATE BEFORE
AND AFTER ADRENALECTOMY.
Day Cortisone Acetate Deoxycortone Acetate
2 d. before operation 50 mg. 6-hourly, i.m.
1 d. before operation 50 mg. 6-hourly, i.m.
Day of operation 100 mg. 3 hr. before 10 mg. 3 hr. before
operation by mouth, and 5 mg. 6 hr. after
25 mg. 6-hourly, i.m. operation, i.m.
1 d. after operation 25 mg. -6-hourly, by mouth 5 mg. 12-hourly, i.m.
if possible, otherwise i.m.
2-5 d. after operation 25 mg. 6-hourly, by mouth 5 mg. i.m.
if possible, otherwise i.m.
6-10 d. after operation 12.5 mg. 6-hourly, by mouth
11 +d. after operation 12.5 mg. b.d., by mouth
CHRONIC ADRENOCORTICAL INSUFFICIENCY.
Chronic adrenocortical insufficiency is commoner than the acute variety and may
be divided into conditions in which the adrenal gland is primarily involved and
those in which the adrenal function is impaired as a result of pituitary dysfunction.
The following classification serves to indicate the conditions commonly seen in
clinical practice.
CHRONIC ADRENOCORTICAL INSUFFICIENCY.
A. PRIMARY ADRENOCORTICAL FAILURE.
1. Addison's disease.
(a) Tuberculous destruction.
(b) Idiopathic atrophy.
(c) Infiltration with carcinomatous deposits or amyloid.
(d) Failure of adrenal remnant following subtotal adrenalectomy.
2. Congenital (idrenal hyperplasia.
3. Adrenal exhalustion.
20B. SECONDARY ADRENOCORTICAL FAILURE.
1. Pituitary Destruction.
(a) Pituitary tumours.
(b) Pituitary infarction-Sheehan's syndrome.
(c) Pituitary atrophy.
2. Hypophysectomy.
3. Pituitary inhibiton.
Addison's disease.
Primary adrenocortical insufficiency in the form of Addison's disease is so well
known that a detailed description of the condition is unnecessary. During the last
five years seventeen cases have been investigated and treated (table II). There were
six men and eleven women in the series. In three women adrenal insufficiency
followed bilateral subtotal adrenalectomy for Cushing's syndrome, as the result
of a gradual failure of the adrenal remnant left behind at operation. lExcluding the
surgical cases, tuberculosis was the probable cause in eight (57.1 per cent.)
metastatic cancer in one, and in the remaining five (35.7 per cent.), a presumptive
diagnosis of idiopathic adrenal atrophy was made in the absence of supporting
evidence of tuberculosis. These figures must, of course, not be taken too literally,
for in only one (the patient with cancer), was post-mortem control obtained; the
remaining patients in this group are alive and in good health. Of the fourteen
non-surgical cases, ten presented with signs and symptoms which pointed directly
to their Addison's disease, but in four the presentation was atypical and adrenal
insufficiency was only discovered in hospital after their admission for other
complaints. Two of these had associated chronic peptic ulcers; one was diagnosed
before gastrectomy, but adrenal insufficiency was only recognised in the second
following post-operative collapse and ileus. A third patient was admitted to hospital
as a suspected case of gastric carcinoma with acanthosis nigricans, while the fourth,
a partial case, was diagnosed in a patient with myocardial infarction. Adrenal
crises were the presenting features in five patients, in three of whom the condition
was acute and the result of stress in the form of infection in one, the injudicious
administration of an anaesthetic in another, and the result of pregnancy in the third.
In two other patients the crisis was subacute and did not appear to be due to any
particular variety of stress. It seems likely that in these two the adrenal glands
were the seat of a progressively destructive process which caused a rapid
impairment of adrenocortical reserve. This was almost certainly the case in the
patient with adrenal metastases and likely in the other patient, a young man of 26,
with tuberculous Addison's disease.
Addison's disease may occasionally present in an unusual manner. This was seen
in a woman of 46 whose only complaint, apart from weakness, was of severe
muscle cramps. Mentai symptoms of confusion and persecution were also observed
when she was in hospital, but these, like the cramps, subsided quickly when
cortisone was given.
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CLINICAL FEATURES IN 17 CASES OF ADDISON'S DISEASE.
Sex, Age at Length of Length of
Case No. Diagnosis History before AEtiology Time under Special Features
Diagnosis Treatment
1 M 46 3 years T.B. 4 yrs. 7 mths. Admitted in crisis following tonsillitis.
2 F 39 1 year T.B. 4 yrs. 6 mths.
3 F 54 12 years ? atrophy 4 yrs. 4 mths. Long history of weakness and
ill-health before diagnosis. Mild
haematemesis on two occasions
during cortisone treatment. No
peptic ulcer found.
4 M 43 3 years ? atrophy 4 years Acute crisis following gastroscopy before hormone
treatment started.
5 F 64 Uncertain T.B. 3 yrs. 5 mths History of dyspepsia, weakness and vomiting for 30 years. No
organic cause for dyspepsia
discovered.
6 F 38 2 years T.B. 3 years Active pul. T.B. treated with chemotherapy and arrested
during cortisone replacement.
7 F 46 1 year ? atrophy 2 yrs. 8 mths. Muscle cramps presenting symptoms. Mental disturbance
prominent before cortisone
given.
8 F 33 5 years T.B. 2 yrs. 7 mths. Two pregnancies with live babies during treatment.
9 M 53 10 weeks Carcinoma 3 months
pancreas
10 F 69 _ ? atrophy 2 yrs. 1 mth. Diagnosis made following gastroenterostomy for chronic
D.U. Post-operative collapse
with ileus.
11 M 58 T.B. 1 yr. 8 mths. Addison's disease diagnosed prior to partial gastrectomy
for chronic D.U.
12 F 55 __ Adrenal- 1 yr. 6 mths. Failure of adrenal remnant
ectomy 13 mths after adrenalectomy
with acute crisis.
13 F 59 ? atrophy 1 yr. 2 mths. Mild Addison's disease
discovered following admission
to hospital for myocardial
infarction.
14 F 45 Adrenal- 1 yr. 4 mths. Failure of adrenal remnant
ectomy 13 mths after adrenalectomy.
Post-operative cortisone
discontinued 2 mths before
permanent replacement required.
15 F 17 Adrenal- 1 year Addisonian pigmentation
ectomni noticed 18 mths after adrenalectomy. Died from
basophil carcinoma of pituitary.
16 M 26 9 months T.B. 6 months
17 M 35 6 months T.B. I yr. 6 mths. T.B. hip at age of 17.
Cases 9 and 15 are dead, but all others are well,
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A relatively rare, but important variety of adrenal insufficiency occurs in infants
with congenital adrenocortical hyperplasia, in which 17-hydroxyprogestrone, a
substance with adrogenic effects, is formed instead of hydrocortisone. In these
children a variable degree of adrenocortical insufficiency may accur which is
manifested by vomiting, diarrhoea, weakness and feeding difficulties. In female
infants the abnormal genitalia with hypertrophied clitoris should draw attention to
the condition in time for effective treatment to be given, but in males, adrenal failure
may supervene before there is appreciable enlargement of the penis to draw
attention to the defect. The following case is an example.
"A full-term male infant weighing 6 lb. 5 ozs. (2860 gm.) fed poorly from birth,
but was otherwise well for the first four days of life. Thereafter he drank
progressively less, became irritable and developed inflammation at the umbilicus.
At post-mortem, eleven days after birth, both adrenals were grossly enlarged, and
on section showed virilizing hyperplasia."
Adrenal Exhaustion.
Functional adrenocortical exhaustion may occur as the result of prolonged stress,
toxaemia and malnutrition. Two such cases have been observed following gastric
surgery. The first concerned a female patient of 41 who had a gastrectomy for a
large gastric ulcer. The stomach failed to empty for three weeks, during which
time she was dependent on intravenous feeding. Towards the end of this period
the systolic blood pressure fell to 80 mm. of Hg. and it became increasingly
difficult to maintain the serum sodium level. Hydrocortisone intravenously, restored
the blood pressure and sodium balance within twenty-four hours. The second patient
was a man of 57 with chronic bronchitis, ischlemic heart disease and pyloric
obstruction. Following gastrectomy the stomach failed to act and intravenous
feeding was continued for three and a half weeks with difficulty. Increasing
hypotension, and the appearance of a few patches of buccal pigmentation suggested
that he was developing adrenal failure. Cortisone by mouth appeared to initiate
gastric emptying and the blood pressure rose to its usual level. Some weeks later
cortisone was stopped and he has since shown no further evidence of adrenal
insufficiency.
SECONDARY ADRENOCORTICAL FAILURE.
Pituitary deficiency, from whatever cause, results in a failure of corticotrophin
secretion, and as a consequence the adrenal cortex atrophies. The effect of this is
rarely as acute or severe as in primary adrenal failure, since in secondary atrophy
aldosterone secretion is undisturbed, so that water and salt metabolism is relatively
unimpaired. Nevertheless, patients with secondary adrenocortical failure withstand
stress poorly and must be protected from its effects in the same way as patients
with primary adrenal failure.
Inhibition of the pituitary gland by cortisone and its analogues, or by
corticotrophin, is the commonest cause of secondary adrenal insufficiency seen at
present, and attention has already been drawn to this. More recently hypo-
23physectomy is being performed for metastatic carcinoma of the breast (Edelstyn,
Gleadhill, Lyons, Rodgers, Taylor and Welbourn, 1958) and an increasing number
of these cases will be seen in the future.
DIAGNOSIS OF CHRONIC ADRENAL INSUFFICIENCY.
Cases of Addison's disease vary in their severity. In severe cases, diagnosis can
usually be made on clinical grounds, which may be confirmed by biochemical tests.
In these, the plasma sodium will be low, the plasma potassium high and the blood
urea elevated, while the urine will contain large amounts of sodium, despite the
hyponatremia. In such cases, especially if there is vomiting or hypotension, it is
dangerous to delay treatment, but subsequently a corticotrophin stimulation test
may be carried out to differentiate a salt losing nephritis from true Addison's
disease.
In less severe or incomplete cases the diagnosis may be less obvious, for the
electrolytes are usually within normal limits. Here diagnosis depends on indirect
tests to measure metabolic changes secondary to the adrenal insufficiency, and on
direct measurement of the response of the adrenal gland to stimulation by
corticotrophin (table III).
T1ABLE III.
I ESTS OF ADRENOCORTICAi FUNCTION.
A. INDIRECT
(a) Salt deprivation tests.
(b) Original water load test of Robinson, Power and Kelper superseded by.
(c) Simple water load test of Soffer and Gabrilove.
(d) Eosinophil count and its response to corticotrophin.
B. DIRECT
(a) Measurement of adrenocortical steroids excreted in urine before and
after corticotrophin stimulation.
The salt deprivation tests were the first indirect tests of adrenal function to be
employed, and consisted in giving the patient a salt-free diet. In Addison's disease
there is a characteristic response; sodium is excreted in the urine in excess of the
intake, while the blood sodium falls and the blood potassium and urea rises. Such
tests are potentially dangerous and are no longer employed, since simpler and much
less harmful methods are available.
The water load tests are simple and safe, and are based upon the inadequate
water diuresis in Addison's disease. The original Robinson, Power, Kelper test
(Robinson, Power and Kelper, 1941) with measurement of blood and urine urea
and chloride, has been generally superseded by the simple water load test of Soffer
and Gabrilove (Soffer and Gabrilove, 1952). This consists in the administration of
1500 ml. of water by mouth over 15-20 minutes in the fasting state, followed by
the collection of urine over a five-hour period. In Addison's disease the volume does
not exceed 800 ml. or 55 per cent. of the ingested load. A delayed or impaired
diuresis may occur in conditions other than adrenal insufficiency, but it is seldom
24improved by cortisone, except when caused by primary or secondary adrenocortical
insufficiency. In cases where a poor diuresis is observed it is customary to repeat
the test after the adminstration of 50-100 mg. of cortisone by mouth.
The Eosinophil Count.
In adrenal failure the eosinophil count in the blood rises, and an approximate
estimation of the adrenocortical reserve may be obtained by observing the fall in
the circulating eosinophils after stimulation with corticotrophin. In patients with
intact adrenals the fall exceeds 50 per cent. of the initial figure within four hours
of injecting 25 mg. of corticotrophin. Thorn (Thorn, Forsham, Prunty and Hills,
1948) was the first to employ this test, which has been extensively used in America.
It has not been frequently used here, as the more specific and reliable measurement
of adrenal response to injected corticotrophin has been preferred.
Direct measurement of adrenocortical function.
As already mentioned, the adrenal steroids are metabolised in the tissues and
excreted in the urine in conjugated form. The measurement of these substances in
the urine, therefore, provides a useful method of estimating adrenocortical
secretory capacity by comparing the changes in the urine before and after the
injection of corticotrophin. In Addison's disease the characteristic finding is a
diminished or absent excretion of glucocorticoids (differing fractions of which may
be measured as "reducing steroids," 17 hydroxycorticoids, or 17 ketogenic steroids)
and androgens which are measured as 17 ketosteroids. In severe adrenocortical
insufficency there is no rise in the excretion of these substances following stimula.
tion with corticotrophin, while in milder cases the increase remains below the
accepted normal response. A single estimation of the resting 17 ketosteroid output
is often of value in confirming impaired adrenocortical function in a suspected case
of Addison's disease, but the finding of a normal level renders the diagnosis
untenable.
The test which is now used routinely to assess adrenocortical function in the
biochemical laboratory of the Royal Victoria Hospital measures the 17 ketosteroid
and 17 ketogenic steroids (Norymberski, Stubbs and West, 1953) before and after
corticotrophin stimulation (Prunty, 1956). Six successive twenty - four hour
collections of urine are made, and from the third to the sixth day, twenty units of
corticotrophin gel are injected intramuscularly twice daily. The first two days gives
the basal excretion, while the remaining four days show the maximum response to
stimulation.
This test is also of value in the diagnosis of secondary adrenocortical
insufficiency. The control levels of 17 ketosteroids and 17 ketogenic steroids are
usually well below normal in this group, but the adrenal cortex is capable of
responding to corticotrophin so that the stimulated excretion will show a rise which
may be delayed and smaller than normal, depending on the duration of pituitary
failure. Thus the response to injected corticotrophin is a useful method of
distinguishing between primary and secondary adrenocortical failure.
25Radiology is generally of little help in the diagnosis of adrenocortical
insufficiency. Calcification of the adrenals may be seen in cases of tuberculous
destruction of the adrenals, but is not commonly found, and was seen only once
in the eight tuberculous cases in this series. On the other hand, extensive
calcification of the adrenal glands may be seen without clinical or biochemical
evidence of adrenocortical failure. Adrenal calcification was a feature in a 29-year-
old man who was referred for investigation after his admission to a surgical ward
for abdominal pain. On clinical examination there was nothing to suggest Addison's
disease and the ketogenic steroid output was normal in both the resting and
stimulated phase. Nevertheless, a strong possibility of tuberculosis of the adrenal
glands existed in his case, for calcified mesenteric glands were also present, and
treatment with streptomycin and P.A.S. was advised and carried out.
TREATMENT OF CHRONIC ADRENOCORTICAL INSUFFICIENCY.
Since the introduction of cortisone, the treatment of chronic adrenocortical
insufficiency has been placed on a rational basis and patients can now be maintained
in a satisfactory state of health. Before 1949, patients with Addison's disease led
a precarious existence, and even though they were treated with deoxycortone
acetate (DCA) they were subject to hypoglycaemic attacks, while any stress was
liable to end in a crisis which was often fatal. When cortisone became available it
was soon clear that this substance exerted profound effect; hypoglycaemia was
abolished and the patient's increased energy, well-being and gain in weight, with
ability to meet stressful situations clearly showed its usefulness.
It has been shown (Beck and Montgomery, 1956) that cortisone alone will
maintain patients with Addison's disease in good health. Further experience has
confirmed this view, and despite the relatively limited effects that cortisone has
on electrolyte metabolism, it seems clear from the practical viewpoint that cortisone
can maintain these patients in electrolyte balance and keep the blood pressure at a
satisfactory level. Usually 25 or 37.5 mg. of cortisone daily is sufficient. When the
larger dose is given, 25 mg. may be taken in a single dose in the morning, for in
man adrenocortical activity is then at its peak. With treatment the patient
improves remarkably, gradually losing the pigmentation and gaining in weight and
vigour. Failure to reduce pigmentation suggests that the dose of cortisone is too
low.
Excessive loss of salt may be found in rare cases of Addison's disease or result
from excessive sweating in those engaged in heavy work or exposed to high
environmental temperatures. Such patients may require additional salt or a com-
pound like 9-xt-fluoro-hydrocortisone (0.5 mg.) may be effectively combined with
the daily cortisone. Deoxycortone acetate may also be used, either in the form of
a depot injection of the trimethylacetate microsuspension, 50 mg. every three or
four weeks or in the form of linquets (1 mg.) for buccal absorption.
Of the seventeen cases of Addison's disease in this series cortisone alone has
been the method of treatment adopted in all but one of the patients. The exception
concerned a farmer who noticed weakness and nausea during vigorous haymaking
26in the summer of 1955. This was corrected by additional salt by mouth.
Subsequently he was tried on prednisone by mouth, following which he developed
evidence of salt depletion and hypotension and required deoxycortone trimethyl-
acetate crystules every four weeks. Since then his condition has remained so good
that this treatment has not been altered.
In secondary adrenocortical insufficiency cortisone replacement therapy is given
in exactly the same way as described for Addison's disease. On the whole, the
management of these patients is easier, for they rarely become salt depleted.
Reactivation of the tuberculous process is a rare complication in patients with
Addison's disease who are receiving cortisone replacement in the doses usually
employed. It did, however, take place in one of the T.B. cases in this series, who
became sputum positive about two years after cortisone was started. Whether this
was the result of cortisone treatment or not is difficult to say, but the pulmonary
condition responded satisfactorily to chemotherapy without alteration in the dose
of cortisone. A case too can be made for a course of treatment with streptomycin
for all new tuberculous cases of Addison's disease. This may limit further
destruction of the adrenal glands and may also lower the risk of reactivation or
spread in other parts of the body when cortisone is given. This policy has been
adopted with new cases when practical.
SUMMARY.
An account is given of the varying manifestations of adrenocortical insufficiency
and the methods employed in diagnosis and treatment are described. Death from
adrenocortical failure, once inevitable, is now a tragedy, and can be largely
prevented by the application of knowledge gained in recent years. The important
fact emerges that while cortisone has introduced a new therapeutic era, its correct
use must be thoroughly understood and mastered if patients are to obtain its benefits
and not succumb to its dangers or misuse.
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REVIEW
APPLIED PHYSIOLOGY OF THE EYE. By H. Willoughby Lyle, M.D., F.R.C.S., assisted
by T. Keith Lyle, C.B.E., M.A., M.D., M.R.C.P., F.R.C.S. (Pp. vii + 341; figs. 32. 45s.)
London: Bailliere, Tindall & Cox, 1958.
THIs book is written mainly by H. Willoughby Lyle, but he died just before his task was
completed, so it was left to his son, T. Keith Lyle, to complete the text and make any
alterations that seemed necessary.
Coming from the pens of two such well-known ophthalmic surgeons, it is only to be
expected that it would be a book of a high order. This it undoubtedly is, and it should
be a great help to those who are working for higher examinations in ophthalmology, such
as D.O., F.R.C.S. in ophthalmology, etc.
The optic nerve with the retina is an outgrowth of the brain, and is therefore an integral
part of the central nervous system. The complicated cerebral connections are clearly described
and show how certain diseases of the C.N.S. produce their signs and symptoms. Again the
marked changes which occur in the cardio-vascular system frequently show their effect in
the retinal capillaries and prove a valuable aid in diagnosis and prognosis.
Finally, the chapters giving up-to-date, concise knowledge of the endocrine system, vitamins,
diabetes mellitus and allergy are well written, and give the book a good balance. J. R. W.
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